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LINAC Beam Parameters 

•  Frequency    201.25 MHz 
•  Injection Energy   0.750 MeV 
•  Final Energy*    10-200 MeV 
•  Peak Current             48 mA/ ~ .5 mA P^ 
•  Pulse Length    450 µs 
•  Repetition Rate    6.67 Hz 
•  Number of Tank   9 
•  Length     144.8 m 
•  Total Peak RF Power   22 MW 

 *Energy can be  changed energy pulse to pulse 
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Linac  Beam Parameters 

•  BLIP  
     Energy 66/116/139/181/200 MeV 
     RR 6.67 Hz, Pulse width ~ 450 µs, 
     Peak Beam current ~ 48 mA 
     Max integrated current 135 µA 
     Beam time 92.5% /super Cycle 
•  RHIC/Booster  
     To booster one pulse every super cycle (Pulse width 226 µs) 
     To HEBT one pulse every super cycle  (Pulse width 302 µs) 
     Energy 200 MeV 
     Super Cycle ~ 4 sec , Peak current ~ 500 µA 
     Beam time 7.5%/super Cycle 
•  NSRL 
     Energy 200/116 /38 MeV 
     Beam time 7.5%/super Cycle, Pulse width 302 µs 
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Mode of Operation 

Mode BLIP  
(%) 

Other 
(%) 

Dedicated 100 0 
RHIC with P^ 92.5 7.5 
AGS Setup/Study 
(Day and Evening) 

95 5 

200 MeV P^ setup/study 
Day and Evening  

91.6 8.3 
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BNL 200 MeV Linac History 
Year Rep. 

Rate 
Hz 

Pulse 
length 
(us) 

Peak 
curren
t 
(mA) 

Ave. 
Current 
(uA) 

Comment 

Design 10 200 100 200 

1972 10 80 55 44 

1975 10 100 60 60 

1979 5 220 70 77 Switch to 5  Hz Operation (1976) 

1984 5 200 25 25 Switch to H-  (1982) 

1986 5 470 30 71 Add Polarized H-  (1984) 

1990 5 500 25 63 Switch to RFQ Pre-Injector 

1996 6.67 400 38 90 RF Upgrade + Changes in LEBT/MEBT 

2000 6.67 400 38 90 Add OPPIS 

2009 6.67 430 32 80  LEBT/MEBT reconfiguration, Xe gas in 
LEBT (short MEBT) 

2010 6.67 430 39 110  Short LEBT 

2011 6.67 440 40 120 New Al Buncher + Einzel lens –Solenoid  

2012 6.67 432 47 130 New  Cu Buncher + repositioned solenoid  

2013 6.67 445 48 137 solid state RF source for buncher 
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Yearly Avg. Current Delivered  to BLIP 
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Layout of  Existing BLIP Beam Line 

To Booster & Polarimeter 
Tank-9 
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Existing BLIP Beam Line -1 
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Existing BLIP Beam Line -2 
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BLIP Beam Line Components 

13 

Components Count Comments 
Dipole 2 7.5°, 22.5°  
Quads 10 2 Pulse, 8 DC 
Octupole 2 
Steerers H-3,V-5 
Current Transformer 4  Unreliable 
Multi Wire 3 2 plunging, 1 in beam (broken) 
Collimators 8 Temp interlock 
Long Radiation Monitor 5 
Beam pipe temp 10 Temp interlock 
Window 2 0.012”,  Be and AlBeMet 
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Optics : 118 MeV, 40 mA 
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Optics: Small Beam  at Target, 66 MeV 
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 116 MeV, Drifting Beam in Last 4 Tanks, De-bunched 
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FWHM (x,y) 18,18 mm 
FWTM(x,y) 42,34 mm 

FWHM: Full Width Half Max 
FWTM: Full Width Tenth Max 
AU: Arbitrary Unit 
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Dipole   1 
Quad   5 
X-Y steering   2 
BPM   4 
Wire scanner  1 
CM   2 
BLM   7 
Current limiter  1 
FG   1 
Beam plug   3 

Quadrupole                       2 
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X-Y Steering                      2  
 CM                                     2 
BPM                                   4 
BLM                                    5 
Harp                                    1 
Guard Ring                         1 
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Goal of Raster Beam (empirical)  

20 

 
•     Maximize molten RbCl area 
•     Minimize beam outside RbCl 
•     Current density more than 55 nA/mm^2 
     ( 19.9 uA Gaussian beam did not melt RbCl) 
•     RbCl temp should not reach boiling temp   
•     Current density less than 215 nA/mm^2 
     ( Ga  target survives at  80 uA Gaussian ) 

    Goal (current density at target):  55 - 215 nA/mm^2 
     



September 12-13, 2013 

Raster Beam Description    

Target 2.75” ϕ 

RbCl 2.375” ϕ 

FWTM 
r2=11.85 mm 

FWHM 
r1=6.5 mm  

Beam path:  3/4 consecutive  
pulses on 19.5/13mm radius 
then 1 pulse on 6.5 mm 
radius. 
6.67 Hz pulse cycling rate. 
2 revolutions per pulse. 
450 µs pulse duration. 
125 μA maximum current 

Beam Path 
R1=6.5 mm  

Beam Path 
R2=19.5/13 mm  

Reference zone 
2.205” ϕ 

H and V magnet are driven at 5kHz 
at  90 deg phase difference 

Cullen 
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Current Densities at Target 
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Projections: X ,Y plane 

RbCl  radius 30.2 mm  

X, Y (mm) 
-2.00E+01 
0.00E+00 
2.00E+01 
4.00E+01 
6.00E+01 
8.00E+01 
1.00E+02 
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1.40E+02 
1.60E+02 
1.80E+02 
2.00E+02 

-60 -40 -20 0 20 40 60 

Gauss 
Option 1 
Option 2 
LANL 

LANL 250 uA , BNL  100 uA 
A 
U 

AU: Arbitrary Unit 
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Gaussian Option 1 Option 2 LANL 

FWHM (mm) 18 13 13 6.25 
Inner Radius(mm) 0 6.5 6.5 0 

Outer Radius (mm) 0 19.5 13 12.5 

# pulses @ IR 0 1 1 0 
# pulses@ OR all 3 4 all 
Peak density (nA/mm^2)* 272 67 100 411 
Beam outside RbCl#  (%) 0.04 2.56 0.12 0 
Max raster angle (mr) 0 +/- 3.3 +/- 2.2 +/-1.5 
Beam outside RbCl for 5 mm 
off center (%) 

0.13 5.01 0.46 0 

*LANL 250 uA , BNL  100 uA, #RbCl radius=30.2 mm 

Raster Options 
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Beamline Location 

25 

1.  plunging harp 
2.  6.50” collimator 
3.  bellows (3x) 
4.  raster magnet 
5.  steering magnets (existing, 2x) 
6.  4.00” collimator 

7.  plunging harp (opposite side) 
8.  laser profile monitor 
9.  beam current transformers (2x) 
10.  beam position monitor 
11.  beryllium window (existing) 
12.  aluminum bellows (existing) 

Cullen 
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Beam Optics for Raster Beam 
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Synergies: Linac Reliability Upgrade 

• Capital Project upgrades of $1.5M over 3 years  
 

1.  Solid state amplifiers replace 1 of 6 tube types  
2.  Instrumentation upgrades  
•      a. new high sensitivity loss monitor system for low-E beams 
•      b. new inter-tank beam current transformers 
•  c. new retractable multi-wire probe for HEBT tuning 
•  d. new secondary emission monitors  

Wolfram 
Fischer 

27  

 

1 amplifier currently being 
tested at EBIS HEBT buncher 

5kW tetrode 7651 

Wolfram 
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Conclusion 

•  Current density of 55- 215 nA/mm^2 can be achieved 
•  Present diagnostics are not working properly or are broken and 

need to be replaced  
•  Proposed diagnostics are sufficient to monitor raster beam  
 

28 
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Optics with Octupoles 
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Beam Envelop for Octupole Tune 
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An experiment comparing Sr-82 yield with a flattened profile using  
octupole magnets to Gaussian profile showed 12% reduced yield  
with the broadened spot. It was concluded that broad spot simply  
increased size of the molten zone (BLIP review 2010) 
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Optics: Octupole Tune at 118 MeV 
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